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How will climate influence resilience of 
Pacific salmon?
Pacific salmon are broadly distributed in freshwaters connected to the North 
Pacific and Arctic Oceans. Their life cycle requires migration between 
freshwater and marine environments.
Changes in 
Temperature 
and Precipitation 
are wide-spread 
in the U.S.
US Climate Change Research Report 2014
Changes: 1901-1960  to 1991-2012
Phenology is the study of periodic plant and animal life 
cycle events and how these are influenced by seasonal 
and interannual variations in climate as well as habitat.
Source: FCS Phenology Field Guide
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Expressed variability of behavior can be captured 
in a species-specific “Portfolio”
Schindler et al. 2010
Spawning timing and occupancy of different types of habitats by sockeye 
salmon in the Wood River system, Alaska, USA, indicate differentiation by type 
and broad thermal variability.
For salmon, spawn return timing is 
strongly heritable
Quinn 2002
For returning Coho Salmon, hatchery practices that spawned early returning 
fish exerted selection pressure resulting in a run of fishes with less variability in 
return time, and an earlier run.
Columbia 
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Long-term census datasets at hydroelectric 
facilities can reveal expressed behavior of fishes
Comparisons of run timing by different migratory fishes across this broad 
geographic range indicated patterns of synchrony, and variability.
>10 years of continuous data
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Steelhead counts at Willamette falls include both hatchery and wild fish.
Steelhead Trout
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Native aquatic species are adapted to seasonal 
and inter-annual patterns in water temperature
winter cold
summer heat summer heat
winter cold
Variability of winter low temperature
Variability of summer high temperature
Seasonal and inter-annual patterns in streamflow 
(discharge) frame important environmental conditions
winter storms
low summer flow
winter storms
winter storms
Low summer flow
range of winter high flows
range of low summer flows
Temperature and discharge create conditions
for specific life stage events
Minimum required for spawn & travel for Coho Salmon
15.6 ºC
4.4 ºC
Thermal 
range for spawn 
& travel
Physical thresholds for metabolism can be placed within the seasonal 
framework of temperature and discharge.
Temperature and discharge as combined 
selection forces
Adaptation to hydrologic conditions is demonstrated by behavioral variation 
present within a population.
Long-term census datasets provide critical information 
about adaptation to environmental conditions
10,917 km2
Fish counts at Winchester Dam on the North Umpqua River, Oregon, USA, 
provide important information about the community of fishes at this location.
Seasonal and inter-annual patterns in 
streamflow and temperature can be visualized 
using a raster-based graphic.
Jan     Feb     Mar     Apr     May     Jun     Jul     Aug     Sep     Oct     Nov     Dec
Jan     Feb     Mar     Apr     May     Jun     Jul     Aug     Sep     Oct     Nov     Dec
Upriver Fish 
Migrations
Winchester Dam
1992-2013
Diversity among and within 
fishes on the North 
Umpqua River indicates 
times of vulnerability to 
flow conditions at 
Winchester Dam.
(Sensu Flitcroft et al. 2016)
Daily Discharge and Temperature Create a Cyclical 
and Predictable pattern of Annual Temperature
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Lovellford 2013
Mainstem Migration: discharge and temperature frame 
ideal season for migration
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Ichthyographs summarize patterns of temperature and 
discharge related to life histories of native fishes
Flitcroft et al. 2016
Single-species ichthyographs across a diversity of 
hydrologies and modeled future climate
Coho Salmon
Flitcroft et al. 2018
Flitcroft et al. 2018
Timing of fish use, and predicted changes in discharge 
and temperature, vary by location for Coho Salmon
Vulnerability of Coho Salmon to predicted changes in hydrology varies by 
location and may be influenced by river management.
In Summary
Adaptation to predictable patterns of temperature 
and discharge are influenced by local condition (i.e. 
location within a stream network) and broad scales 
of process (i.e. latitude).
Future climate change may cause complex effects for 
aquatic species that will vary by location.
Hydro management may have an opportunity to play 
a role in better understanding local species 
adaptation to environmental conditions, and possibly 
mediate for climate change effects through flow and 
temperature regulation.
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